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C. I 

NOTICE: The project that is the subject of this report wu approved by the Governing 
Board of the National Research Council, whoM memben are drawn from the councils 
of the National Academy of Science., the National Academy of Engineering, and the 
Institute of Medicine. The memben of the. committee re.ponaible for the report were 
choaen for their special competence. and with regard for appropriate balance. 

This report hu been reviewed by a group other than the anthon according to 
procedures approved by a Report Review Committee consisting of members of the 
National Academy of Science., the National Academy of Engineering, and the Institute 
of Medicine. 

The National Academy of Science. is a private, nonprofit, Mil-perpetuating society 
of distinguished scholars engaged in scientific and engineering re.earch, dedicated to the 
furtherance of ��eience and technology and to their UM for the general welfare. Upon 
the authority of the charter granted to it by the Congre.a in 1863, the Academy has a 
mandate that requires it to advise the federal government on ��eientific and technology 
matten. Dr. Frank Pre.a is pre.ident of the National Academy of Science.. 

The National Academy of Engineering was e.tablished in 1964, under the charter 
of the National Academy of Sciences, u a parallel organi.ation of outstanding engineers. 
It is autonomous in ita administration and in the Mlection of ita memben, sharing with 
the National Academy of Science. the re.ponaibility for advising the federal government. 
The National Academy of Engineering alao aponaon engineering programs aimed at 
meeting national needs, encourages education and reMarch, and recognises the superior 
achievement�� of engineer��. Dr. Robert M. White is president of the National Academy 
of Engineering. 

The Institute of Medicine wu established in 1970 by the National Academy of 
Science. to secure the services of eminent memben of appropriate profeuione in the 
examination of policy maUen pertaining to the health of the public. The Institute acta 
under the re.poneibility given to the National Academy of Science. by ita congre.aional 
charter to be an adviser to the federal government and, upon ita own initiative, to 
identify iuues of medical care, re.earch, and education. Dr. Samuel 0. Thier is pre.ident 
of the Institute of Medicine. 

- The National Research Council was organised by the National Academy of Sciences 
in 1916 to uaociate the broad community of ��eience and technology with the Academy's 
purpoeee of furthering knowledge and advising the federal government. Functioning in 
accordance with general policies determined by the Academy, the Council hu become the 
principal operating agency of both the National Academy of Science. and the National 
Academy of Engineering in providing Mrvice. to the government, the public, and the 
Kientific and engineering communitie.. The Council is administered jointly by both 
Academie. and the Institute of Medicine. Dr. Frank Pr- and Robert M. White are 
chairman and vice-chairman, respectively, of the National Research Council. 

This project wu supported by the Academy Industry Procram. 

Available from: 
National Academy Pr-
2101 Constitution Avenue, N.W. 
Washington, DC 20418 

Printed in the United State. of America 
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Executive Summary 

The extensive capabilities, expertise, and existing activities of 
the national laboratories of the U.S. Department of Energy (DO E) 
could make a significant contribution to the technical needs of the 
U.S. semiconductor industry. Although the laboratories have a 
variety of programs to make their facilities and research results 
available to industry, they are generally ad hoc, uncoordinated, 
and tied to individual companies. A comprehensive strategy is 
needed to identify and aggregate industry's needs, to establish 
efFective modes of cooperation with industry as a whole, and to 
channel relevant activities of the laboratories to addre• these 
needs more efFectively. The nece.ary steps to develop such a 
strategy were outlined in a recent National Research Council re­
port, The Semiconductor Industrr and the National Laboratories: 
Part of a National Strategy, available from the National Academy 
PreiSS. 

An important step identified in that report is that of initiat­
ing a technical dialogue between the national laboratories and the 
appropriate industry representatives. At a workshop held from 
May 26 to 28, 1987, at Sandia National Laboratories, representa­
tives of the national laboratories and the semiconductor industry 

1 
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identified a broad range of specific technical areas for collabora­
tive research. These technologies can be grouped in the following 
categories: 

• patterning and metrology; 
• interconnects and packaging; 
• thin films and pattern transfer; 
• reliability, failure, and yield analysis; 
• compound semiconductors; and 
• automation and facilities. 

In each category, specific industry needs were identified and the 
laboratories with the most advanced capabilities in each technol­
ogy were named to lead potential collaborative research programs. 

In addition to general collaborative research programs in each 
of these technical areas, several specific research initiatives were 
recommended by the workshop participants. A discussion of these 
initiatives follows. 

X-RAY LITHOGRAPHY 

• In the area of x-ray mask distortion, both the Sandia and 
Brookhaven National Laboratories have research programs inves­
tigating x-ray mask materials for sources of distortion. Workshop 
participants recommended that these laboratories pursue a coop­
erative program with corporations such as IBM and Perkin-Elmer. 
This cooperative effort should be funded at a level of $20 million 
per year for 5 years to allow sufficient resources for rapid progress. 

• Sandia has conducted extensive research on radiation dam­
age to integrated circuits. A cooperative research program with a 
commercial chip producer would introduce commercial priorities 
to the work being conducted at Sandia and would speed progress 
in improving the reliability of devices produced using x-ray lithog­
raphy. 

MANUFACTURING 

The ability to mass-produce chips with quarter-micron line 
widths will be essential to future semiconductor competitiveness. 
New manufacturing processes will need to be developed and scaled­
up, and orders-of-magnitude improvements will be needed in pro­
cess reliability, repeatability, and cleanliness. Workshop partici­
pants recommended that the new radiation-hardened integrated 
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circuit (RHIC-ll) clean room facility at Sandia be made the focal 
point for a National Center for mtraclean Manufacturing It. 
search. This facility could also be used to conduct manufacturing 
process research using a modular manufacturing approach. New 
process modules could be integrated into the fabrication line and 
tested in an ultraclean manufacturing environment. Such a facility 
would provide a crucial element for industry's efforts to develop 
mass production techniques for quarter-micron structures. 

CONTINUING DIALOGUE 

• The national laboratories should organize a series of work­
shops on specific technologies that are appropriate for collabora­
tive research. Research problems could be identified with attention 
to areas of synergy with DOE's mission and program goals; the 
participants who should be involved could be determined; and 
research plans, funding, schedules, and other logistical details de­
cided to allow rapid project initiation. 

• Alternatively, representatives from national laboratories 
could visit industrial plants to build consensus on specific indus­
trial needs and potential laboratory contributions. At the same 
time, industrial representatives would vis�t laboratory facilities to 
determine their capabilities and potential contributions. A sin­
gle workshop could then be held to address the logistical details 
necessary to begin selective, coordinated collaborative research 
projects. 

This workshop was successful in identifying a number of spe­
cific research topics suitable for future collaborative research be­
tween the semiconductor industry and the national laboratories. 
As the earlier report emphasized, a successful strategy to mobilize 
the resources of the national laboratories to benefit the long-term 
competitiveness of the U.S. semiconductor industry will require 
resolution of a range of difficult issues. Publication and ownership 
of results, foreign participation and access, technology transfer 
mechanisms, financial costs and benefits, scheduling, the effect of 
commercial needs on laboratory program priorities, and the treat­
ment of competitive businesses are examples of the complex issues 
that must be resolved to create an effective strategy. This work­
shop demonstrated that linkages exist between industry's technical 
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needs and the national laboratories' capabilities. Strong commit­
ment and leadership within the semiconductor industry and the 
DOE will be necessary to make this potential a reality. 
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1 
Introduction 

A workshop, "The Semiconductor Industry and the National 
Laboratories," held at the National Academy of Sciences on Febru­
ary 24, 1987 (subsequently referred to as the first workshop) , 
established that the national laboratories operated for the U.S. 
Department of Energy (DOE) have extensive facilities and capa­
bilities that, if properly utilized, could be of significant benefit to 
the semiconductor industry.* The workshop participants agreed 
that the DOE laboratories should, through further dialogue with 
the semiconductor industry, initiate the technical planning process 
to define unique missions and modes of interaction with industry 
that will assure timely and relevant contributions to the nation's 
semiconductor technology. Current policies and practices of the 
national laboratories have been effective in fostering better inter­
action with a variety of industries, and technology transfer is now 
an active part of the laboratories' mission. However, achieving 
the large-scale collaboration with the semiconductor industry en­
visioned by the workshop participants will require a much better 

• A report of the workshop, 77ac Semiconductor lndtuti'JI tJnd the NationDI 
LJ6oratorie•: Part of a National Stratew, is available from the National Academy 
Press. 

5 
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understanding by both industry and the laboratories of their re­
spective capabilities, research priorities, and constraints. In addi­
tion, specific issues, such as publication and ownership of results, 
foreign participation and access, transfer mechanisms, financial 
effects, cost sharing, time and result expectations, the level of 
involvement of industry in the establishment of laboratory pro­
gram priorities, and treatment of competitive businesses need to 
be resolved if collaborative activities are to be successful. 

To continue the planning of joint research and development 
(R&D) projects and further address the issues raised at the Febru­
ary 1987 workshop, a second workshop was held from May 26 to 
28, 1987, at Sandia National Laboratories. The purpose of this 
meeting was to identify specific areas of research needed by the 
semiconductor industry and to identify where research capabilities 
exist within the national laboratories to address these needs. The 
workshop discussions were designed to inform industry representa­
tives of relevant existing projects and expertise in the laboratories; 
to inform DOE representatives of the industry's R&D agenda and 
priorities; to identify desirable joint laboratory /industry R&D 
projects and programs that could be pursued; to explore alterna­
tive approaches for industry sponsorship of joint R&D projects on 
both an individual and multicompany basis; and to propose mech­
anisms for effective sharing of expertise and technology transfer. 

The workshop was structured to convey information about the 
capabilities of the national laboratories and the technical needs of 
the industry, and to build consensus on the most promising areas 
of future cooperation. The capabilities of the laboratories were 
effectively portrayed in poster sessions in which each laboratory 
organized a display of its activities in the semiconductor area; 
a representative from each laboratory was available to answer 
questions. The poster sessions were complemented by a series of 
presentations given by each of the laboratories that emphasized 
current projects, facilities, and expertise relevant to semiconduc­
tor development. Mter these sessions, industry representatives 
described R&D priorities and technology forecasts in each of the 
following areas: ultra-large scale integrated (ULSI) circuit de­
sign, patterning, interconnects, packaging, manufacturing, relia­
bility, compound semiconductors, advanced process technology, 
and metrology. Finally, small groups of laboratory and industry 
representatives discussed possible joint research efforts on specific 
aspects of each of these technologies. 
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The balance of this report describes the findings of these 
small group sessions, as well as p088ible mechanisms for furthering 
cooperative projects. (The topics and speakers are listed in the 
Appendix.) 
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2 
Group Reports 

Working groups were convened in the following areas: 

• patterning and metrology; 
• interconnects and packaging; 
• thin films and pattern transfer; 
• reliability, failure, and yield analysis; 
• compound semiconductors; and 
• automation and facilities. 

L PATTEB.NING AND METROLOGY 

The group discussed p088ible collaborative efforts in the areas 
of x-ray and optical lithography. The gap is narrowing between 
the practical pattern resolution that is obtainable with x rays 
compared with near-ultraviolet (UV) excimer lasers. It is believed 
that excimer laser-based lithographic systems will achieve about 
0.3-micron resolution and will be production-line certified by the 
early 19908. X-ray lithography is limited by Fresnel diffraction to 
about 0.2-microns when the mask-to-wafer spacing is limited to a 
practical value. Contact printing is probably not feasible for high­
volume production because of mask damage problems and the 
time needed to 888e88 damage on fine-line masks. Some industrial 
representatives suggested that the "window" for x-ray lithography 

8 
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in large-volume production may cloee because of improvements in 
optical lithography and resist technology. 

X-Jlaf Lithography 

A major stumbling block to the implementation of x-ray 
lithography systems is mask distortion. Although x-ray masks 
have been in development for about 10 years and many subcritical 
studies have been done, the level of activity in terms of both re­
search and production volumes has been too low to engender much 
success in eliminating the causes of distortion. A major continuing 
program is necessary to establish a viable mask production capa­
bility to reduce the distortion of substrates and defect densities. 
Basic studies of the mechanisms that cause substrate membrane 
distortions and development of patterning processes that do not 
introduce strain could benefit from the capabilities of the national 
laboratories. Both Sandia and Brookhaven have programs to ex­
amine x-ray mask materials for sources of distortion. The group 
considered that a cooperative program, including IBM and Perkin­
Elmer, would be a potentially efFective means to speed progress 
on x-ray mask distortion. A funding level of about $20 million per 
year for 5 years was proposed by the group as being necessary to 
ensure rapid progress. 

Work on x-ray masks should also be extended to address the 
problem of radiation damage. Most mask materials currently in 
use darken faster than predicted, drastically reducing their useful 
life. Again, Sandia and Brookhaven have been working on this 
problem, as have IBM and the Microelectronics Center of North 
Carolina (MCNC) . 

A second major stumbling block to the implementation of x­
ray lithography is a suitable x-ray source. Most members of the 
group supported continuation of planning studies for construction 
of a dedicated synchrotron and support facilities at Brookhaven, 
but many expressed reservations about committing to construction 
before the alternatives have been fully explored. A listing of the 
unresolved issues follows. 

• X-ray mask distortion is a major deficiency, as discussed 
above. 
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• The rapidly evolving deep-UV sources, free-electron lasers, 
and nonlinear wavelength conversion of solid-state lasers are at­
tractive alternatives to synchrotron sources for su�0.3-micron 
lithography. 

• Very few U.S. companies need the patterning throughput 
offered by a synchrotron. In addition, compact synchrotrons that 
might be affordable to smaller companies may not be possible. 

• Alternative x-ray sources, such as plasma, may offer lower 
production costs per wafer, especially for most U.S. companies. 

• Committing to such a costly facility at this time may 
severely limit the ability of the industry and research communities 
in the United States to afford to explore attractive options. 

Research is needed to determine the extent and effects of x-ray 
radiation during the lithographic process on device reliability. San­
dia has conducted extensive studies on radiation damage through 
its radiation-hardened integrated circuit (RHIC) program for the 
military, and the facilities at Sandia for this type of research are 
unequaled. A cooperative research program with a commercial 
chip producer would both improve commercial access to Sandia's 
knowledge and help researchers there gain a better understanding 
of commercial priorities in this area. 

For x-ray lithography to become commercially viable in a mass 
production context, additional research will be needed on the total 
lithographic system. Step and repeat aligners will be required for 
beam line exposure; alignment marks must be recognized and reg­
istered to improve accuracy; mask inspection will be critical as line 
widths reach the quarter micron level; and defect correction will 
be increasingly difficult at quarter-micron resolutions. Equipment 
makers are refining and improving current methods to meet these 
needs, but progress is slow. The group suggested that alternate 
approaches to solving these problems could usefully be pursued by 
the relevant national laboratories in collaboration with industry. 

Optical Lithography 

Although members of the group strongly encouraged contin­
ued research in x-ray lithography, they viewed optical lithography, 
using deep-UV light, as the dominant technology for resolution 
down to about 0.3-micron. Progress will be needed in a num­
ber of areas to ful6.ll this potenti�. For example, different resists 
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with good dry-etch resistance, good contrut, and vertical wall 
profiles are required for each of the UV wavelengths proposed for 
lithography. Sandia hu been active in resist development and 
two difl'erent claasee of resists resulting from research there have 
been commercialized: a dyed resist for metal-level patteming at 
visible wavelengths, and self-developing polysilane resists for use 
with UV, deep-UV, and x-ray exposure wavelengths. 

Improvements in the usable lifetimes and reliability of excimer 
lasers are essential for their commercial use; both Loa Alamos and 
Sandia have excellent programs in excimer lasers. 

Another area needing research is free electron lasers, which are 
a poBBible source for deep-UV systems. Reflective muks, reflective 
optics, and low-absorption thin resists are needed to make such 
systems viable. Another poBBible area for technology development 
is deep-UV sources using diode-pumped solid-state lasers with 
frequency-up conversion using optical nonlinear techniques. San­
dia, Loa Alamos, American Telephone and Telegraph (AT&T) , 
and Perkin-Elmer were identified by the group u appropriate 
members of a pOBBible collaborative research effort in. these laser 
technologies. 

The group recognized the importance of further refinements 
in ion-beam technologies. Sandia's experience and computational 
capabilities in the ion-beam inertial fusion program make it well­
suited to explore this option. 

D. INTERCONNECTS AND PACK.AGING 

The group identified a number of programs having high po­
tential for an effective collaborative effort between the national 
laboratories and industry. 

Laser-Assisted Deposition 

Laser-assisted deposition and removal of metals and insula­
tors was identified as an area of high significance needing exten­
sive R&D work. Initial application of the technology could be for 
programmable connections, customizing, chip repair, and rapid 
prototyping. However, a better understanding of the process­
particularly process control-and further equipment development 
is needed before extensive use of this technology in industry is 
feasible. Although several laboratories have laser and analytical 
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facilities, the group identified Lawrence Livermore as the lead 
laboratory; Sandia also has extensive experience and capabilities 
in this area. Potential industrial partners include General Elec­
tric, National Semiconductor, Honeywell, Texas Instruments, and 
equipment suppliers such as Perkin-Elmer and GCA. 

Low-Preuare Chemical Vapor Deposltlcm (LPCVD) 

Research is needed in microwave plasma-UBisted LPCVD of 
metals, insulators, and semiconductors to achieve lower temper­
atures, better adhesion, and better damase control. Lawrence 
Berkeley laboratory has programs in this area. 

Protective Overcoats 

An effective collaborative program in protective overcoats 
would include work on new materials, such as diamond, new de­
position techniques, interfacial studies, and compatibility with 
polymers. Sandia has mature research programs in this area. A 
number of universities, includins Comell and Lehish, that have 
programs in this area should be included in any collaborative 
prosram between the national laboratories and industry. 

Thermoluld ad 7hermomec:haJdcal ModeiiDg 

Research is needed to construct better data bases for specific 
materials properties and to provide tools for simulatins thermal 
properties of complex material systems. The national laborato­
ries have expertise both in constructins thermal models and in 
performins materials characterization, and they have the com­
puter resources, includins supercomputers, necessary for effective 
modelins efforts. Industrial partners in a prospective collabora­
tive program include National Semiconductor and Control Data 
Corporation, which has been sponsorins work in this area at the 
University of Arizona. IBM also has strons capabilities in this 
area. 

Optical Interconnects 

Research in a number of areas is needed to advance the state 
of the art in optical systems. In particular, the group identified 
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the need for research in fiber-optic couplers and optical receivers 
and transmitters on chips, using gallium anenide on silicon or 
germanium. Both Ames and Sandia have existing programs in 
optoelectronics, and the technology is of clear long-term interest 
to the industry. The group deferred suggesting industry partners 
pending further discussion within the industry. 

Ncmccmtact Teatlq 

As device sizes decrease noncontact (beam) testing of wafers 
and complex chips will increasingly be a necessity to avoid chip 
damage and contamination and to improve throughput; this need 
applies equally to compound semiconductors. Los Alamos has 
existing facilities and techniques for measuring transient response, 
on-wafer, of gallium anenide devices and circuits. Hughes Aircraft 
and Rockwell already have informal programs in on-chip, high­
speed testing of compound semiconductors that could benefit from 
national laboratory expertise. 

Ceramic Materials 

New ceramic materials and processes for multilayer packages 
and substrates are a key development needed by industry and 
one in which the national laboratories, especially Oak Ridge, have 
demonstrated expertise. 

m THIN PILMS AND PATTERN TB.ANSPE1l 

The group identified industry interests in this area as being 
ionized cluster beam and sputter deposition, laser- (excimer) as­

sisted chemical vapor deposition (CVD), and plasma CVD. The 
national laboratories have programs in each of these areas and un­
derstand the broad concepts, but they need a better understanding 
of specific industrial problems and applications in each area. Op­
portunities for laboratory contributions to thin film deposition 
and pattern transfer through collaborative programs include: 

• low-temperature proceBBing, including epitaxy, thin oxides, 
interlayer dielectrics, and metal interconnects; 

• improved proceBB reliability as the number of process steps 
increases to obtain improved yields, greater throughput, and re­
duced equipment downtime; 
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• uniformity and mechanical intepity of the films; 
• deposition and etching technologies for quarter micron 

structures; 
• metrology; and 
• improved proce&ll analysis tec:lmiques with feedback to pro­

cess development. 

Success in processing requires better understanding of the ba­
sic physical and chemical behavior of the materials and processes 
being used. The necessary research is a strength of the national 
laboratories; collaborative projects could be devoted to identify­
ing industry's research priorities, developing proceBBing techniques 
based on the research results, and applying the techniques to spe­
cific proceasea. A modular manufacturing concept could be an 
effective mechanism for accomplishing the necessary proce&�� de­
velopment. With Sandia u the lead laboratory, a joint fabrication 
line could be established with industry to develop machine and 
process integration techniques. Modules for the line would be de­
veloped at the laboratories based on research results, then modified 
and integrated into the fabrication line. The modular manufac­
turing concept and joint fabrication line would be an effective 
mechanism for suc:ceBBful collaboration in many of the relevant 
areas. 

IV. B.ELIA.BILITY, PAILURE, AND YIELD ANALYSIS 

The group identified opportunities for the national laborato­
ries in developing improved surface/material characterization and 
analysis techniques, especially for on-line proce&ll diagnostics and 
failure analysis. The laboratories already have advanced capabili­
ties in this area, which could be modified if necessary and applied 
to industrial problems. Development of new techniques applicable 
to sub-micron circuit production should alao be pursued by the 
national laboratories. Because of the expertise of the national lab­
oratories in this area and the urgent need in industry, the group 
expressed a strong consensus that a dialogue between industry and 
the laboratories should begin now to define specific projects and 
to examine potential mechanisms for collaboration. Dissemination 
of the laboratories' current capabilities should begin immediately, 
pOSBibly with the help of the Semiconductor Research Corpora­
tion (SRC). The next step would be to initiate projects between 
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individual companies and laboratories, leading to coordinated, 
industry-wide programs. 

V.COMPOUNDSENnCONDUCTORS 

The group identified a number of possible collaborative pro­
grams. 

Improved Substrate. 

For certain special applications, higher costs of gallium ar­
senide and other compound semiconductors are not a problem, 
but for a larger market to emerge the costs will need to fall. De­
velopment of lower cost material, improved substrates, and bulk 
materials in gallium arsenide is a clear need. The DOE laboratories 
have experience in materials growth (Bridgeman and liquid crystal 
epitaxy), theory, and simulations, as well as extensive capabilities 
in structural, optical, electronic, and paramagnetic materials de­
fect analysis and impurity characterization. Potential industry 
partners include compound semiconductor crystal/substrate ven­
dors (e.g., Litton, Crystal Specialties), device companies (e.g., 
ViteBBe, Gigabit, Hewlett-Packard), and defense contractors (e.g., 
Rockwell, Hughes, AT&T, TRW, Honeywell, and Texas Instru­
ments). 

Epltaxlal MaterlaJa 

Improved, lower cost epitaxial materials are needed in gallium 
arsenide and other m-V compound semiconductors. The DOE 
laboratories, particularly Sandia, Lawrence Berkeley, the Solar 
Energy Research Institute (SERI), and Ames, have experience 
in a variety of applicable technologies, including molecular beam 
epitaxy; metallo-organic chemical vapor deposition (MOCVD); 
beam-888isted epitaxial growth; structural, optical, electronic, and 
microecopic characterization; theoretical modeling; and device fab­
rication. The group listed several potential industry partners, in­
cluding Rockwell, Hewlett-Packard, AT&T, Honeywell, TRW, and 
Texas Instruments. 

Point-Defect Reduction 

The development of capabilities for on-line monitoring of point 
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defects in compound semiconductors is essential for point-defect 
reduction. The national laboratories have established capability 
in point-defect characterization. Sandia, Lawrence Berkeley, and 
Ames have done work in the correlation of device performance 
and defect type and concentration. These activities are cl011ely 
related to other work on materials development and characteri­
zation. Continued fundamental research in this area would be of 
benefit to all industrial compound semiconductor manufacturers. 

Modeling of solid-state physics, electronic properties, and de­
vice characteristics was identified as a crucial need in all types 
of semiconductor technologies. The need is particularly acute in 
compound semiconductors because the electronic band structure 
is engineered for novel transport properties. As a result, models 
and codes developed for silicon devices are not applicable. The 
national laboratories have experience in modeling techniques and 
have the facilities necessary to conduct experiments in solid-state 
physics and materials science to tailor band structures. They also 
have access to the necessary computer power. These capabilities 
would be useful to all semiconductor manufacturers. 

VL A UTOMATION AND PA CILITIES 

The group identified a variety of areas in which the laborato­
ries have expertise that would be useful to industry. 

mtraclean Mllllllf'acturlng 

Semiconductor manufacturers expect that cleanliness control 
will need to improve by four orders of magnitude over the next 
decade if U.S. manufacturers are to achieve competitive produc­
tion of ULSI semiconductors. Such an improvement over current 
capabilities will require a better understanding of clean environ­
ments, including analysis, measurement, and evaluation. The new 
class one clean room facility constructed at Sandia for its RHIC­
ll program has the potential to make a major contribution in 
the understanding of clean environments. It contains 22 separate 
clean rooms allowing a multitude of discrete simultaneous exper­
iments. The group suggested that this facility could provide the 
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basis for a National Center for Ultraclean Manufacturing Research 
that would perform research on clean environments using a total 
system approach. Additional expertise developed at Oak Ridge, 
Argonne, Ames, and Lawrence Berkeley laboratories would also 
be a valuable contribution. Every semiconductor manufacturer 
would be interested in such an effort, particularly if research were 
to focus on generic industrial problems and the results could be 
applied to a variety of proeeasea and factory situationa. 

Modeling and Slmalatlcm 

The drive for m888 production of ULSI chips is rapidly creating 
a need for better modeling and simulation capabilities. Current 
two-dimensional modeling techniques are improving, but much 
progre&B is needed in three-dimenaional modeling. Simulation of 
device and circuit behavior, based on reasonably accurate models 
will be a crucial part of new semiconductor design and produc­
tion. Proee&B modeling and simulation are also becoming more 
important as the requirements of ULSI production advance, in­
corporating automated proeeBBeB with closed-loop control. The 
national laboratories have the nece&BarJ supercomputing power 
and software expertise to make advances in this area. The group 
suggested that Loa Alamos or Lawrence Livermore might be ap­
propriate lead laboratories for collaborative projects with industry. 

Analytical Dlaga•tlcs ad Tools 

Collaborative projects in this area might focus on development 
of automated analysis software, three-dimenaional profiling, defect 
location and identification, environmental analysis, and ultra-trace 
analysis. Advanced software for data analysis and compreuion 
would also be useful. Argonne, Loa Alamos, Sandia, and Lawrence 
Berkeley were noted as having valuable experience in this area. 

Automatlcm and Control 

Advances are needed in both hardware and software, with 
an emphasis on eliminating sources of defects and contamination 
from the manufacturing proce&B, minimizing the downtime of ex­
penaive proce&B equipment, and maintaining control of the proeeBB 
for improved reliability and high yields. Specific technologies that 
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are needed include proce11 intesration, expert 1Jitem8, improved 
lleJUIOrs, automated proce11 control with adaptive feedback, and 
flexibility for proce18 modification and rapid chanps in the p� 
duction mix. The sroup reeopisecl the relevance to eemiconductor 
manufacturing of many of the teelmoloPes developed for the Auto­
mated Manufacturing Reeearc:h Facility (AMRF) at the National 
Bureau of Standards. It wu 1111&e*ld that Sandia might be the 
appropriate lead laboratory for a collaborative effort in this area, 

with substantial input from the reaearchera at the AMRF. 

Although the members of the group did not pursue this topic 
in detail, they did identify luer-enhaneed procelling, ion-beam 
technologies, and microwave pluma CVD • specific proce11 tech­
nologies in which the national laboratoriee have demoutrated 
expertiae. Potential collaborative effortll should focus on &kD of 
improved t.edmiques and equipment. Oak Ridge was suggested as 
a poaible lead laboratory for such collaboration. 

Materials 

Better understanding of existing materials and the develop­
ment of new materials for eemieonduetor production are increas­
ingly important to advances in ULSI chip production. The nar­
tionallaboratoriea have a long history in materials reaearch; that 
expertile should quickly and effectively be applied to the specific 
needs of the eemiconduetor industry. Areu such as ceramica, p&88, 
resists, polymers, dielectrics, compound eemiconduetor materials, 
and superconductors would benefit from continued work by the n ... 
tional laboratories. Because virtually all of the laboratoriee have 
programs in materials, the group did not qgest a lead laboratory 
for any potential collaborative projects. 
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Conclusions 

When the full workshop reconvened, it was apparent to all 
that many specific areas could be euily identified in which the 
expertise and capabilities of the national laboratories would be 
extremely beneficial to the semiconductor industry. The discussion 
then turned to the next steps needed to initiate activity in the 
many areas identified by the smaller discussion groups. A variety 
of mechanisms were endorsed for pursuing future collaborative 
efforts. 

• The laboratories already have some interaction with in­
dustry through their user facilities, cost-reimbursable contract re­
search, personnel exchanges, and technology transfer offices. Such 
activities, between individual laboratories and single companies, 
will continue to be effective means for maximizing the utility of 
national laboratory resources, accomplishing technology transfer, 
and keeping the laboratories current on industrial problems. Re­
cent legislation (e.g., the Federal Teclmology Transfer Act of 1986) 
and policy initiatives have created much needed flexibility in the 
types of cooperative activities that the laboratories could pursue 
with industrial companies. 

• Augmentation of current interactions is required. A broad, 
coordinated program between the semiconductor industry in gen­
eral, including materials and equipment suppliers, hardware and 

19 
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software vendors, and manufacturers, and the national laborato­
ries as a sroup is necessary to ensure full coverage of relevant 
research topics, to avoid redundancy, and to apply the total re­
sources of the national laboratories to generic industrial prob­
lems. The participants discu88ed the possibility of forming a Task 
Force on Semiconductors within the DOE* to interface with indll8-
trial representatives, match research needs with the appropriate 
laboratories, and coordinate the entire activity to maximize ef­
fectiveness. The need for an analogous body for the industry wu 

recognized and recommended. The workshop participants debated 
the possibility of coordinating any collaboration with the national 
laboratories through SEMATECH, the Semiconductor Research 
Corporation, or some other body specifically formed for the task. 
No specific conclusions were reached. 

• Information exchange remains a m�or barrier to effective 
collaboration. Two ways of beginning to overcome this handicap 
were discUBBed: 

1. A series of workshops could be held, at the initiative of 
the national laboratories, on the specific technologies and research 
topics identified as promising areas for future collaboration. The 
specific subjects were identified by the discussion sroups: deep­
UV photolithography, ultraclean manufacturing, laser processing, 
metrology, plasma etching and deposition, analytical methods, 
process modeling, automation, III-V materials/devices, and failure 
analysis. Funding, sponsorship, attendees, and location were noted 
as issues to be addressed. 

2. Representatives from the national laboratories could visit 
industrial plants to gain a better understanding of the processes, 
instruments, techniques, and analyses used by industry; the con­
straints, problems, and priorities facing manufacturers in a mass 
production environment; and the relevance of the laboratories' 
facilities and research to these industrial conditions. A series of 
such site visits would provide access to more industrial people 
than a workshop would and give the laboratory representatives a 

better feel for individual company differences. The site visit teams 
would be responsible for building the consensus about specific in­
dustrial needs and potential laboratory contributions, which could 

•subsequen' *o *he mee,ing, such a Task Force was formed wi,hin *he 
DOE, conaia,ing of a repreaen'a'ive from each labora,ory. 
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be confirmed by a single large workshop of laboratory and indus­
try representatives. At the same time as the laboratory personnel 
are visiting industry, teams of industry representatives could visit 
the laboratories to get firsthand exposure to their facilities and 
capabilities. Each of these teams would then write a series of 
white papers for distribution within the industry and DOE detail­
ing the capabilities of the laboratories and providing the names 
of contacts. Again, a single workshop could facilitate additional 
contacts, answer questions, and help coordinate responses. 

• The workshop participants suggested that an initiative be 
taken to explore ways to make the RHIC-11 clean room facility at 
Sandia the focal point for a National Center for Ultraclean Man­
ufacturing Research. (An analogous facility is in operation at the 
Tohoku University in Japan.) This facility might also be used to 
conduct research in machine and process integration techniques 
using a modular manufacturing approach. To be competitive in 
future ULSI production, cleanliness levels will need to improve dra­
matically; the United States must have the capability to conduct 
research on the total system of ultraclean manufacturing envi­
ronments. Including proceBB integration research in such a facility 
demonstrates the recognition that effective process integration will 
be essential to the succeBB of the ultraclean manufacturing system. 
The group recognized that such an initiative would require the full 
support of both the industry and the DOE. 

In conclusion, this second workshop for the semiconductor in­
dustry and the national laboratories identified a number of specific 
research topics suitable for future collaborative projects. Sufficient 
enthusiasm was generated in some instances that companies are in­
dependently initiating further discUBBions with the laboratories to 
explore new projects. Such initiatives demonstrate the relevance 
of the national laboratories' activities to the needs of industry 
and improve the outlook for the success of a broad cooperative 
program that could better mobilize the laboratories' resources. 

If the neceBBary broad-based program of collaborative activ­
ities is to be succeBBful, specific iBBues, such as publication and 
ownership of results, foreign participation and access, transfer 
mechanisms, financial effects, cost sharing, time and result ex­
pectations, industry's level of involvement in the establishment of 
laboratory program priorities, and treatment of competitive busi­
nesses, must be resolved. As the report of the first workshop of 
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February 24, 1987, emphasized, resolution of theee ilaues demands 
a commitment on the part of both government and industry to 
remove existing impediments to progress. This report has made 
clear that many technical opportunities exist for beneficial col­
laboration between the semiconductor industry and the national 
laboratories. Strong leadership in the context of a well-defined na­
tional strategy for a competitive semiconductor industry is needed 
to ensure that theee opportunities are grasped. 
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FRANCES P. ARMIGO, Sandia National Laboratories 
D. E. ARVIZU, Sandia National Laboratories 
R. BAIR, Sandia National Laboratories 
W. BAUER, Sandia National Laboratories 
IAN BELL, National Semiconductor Corporation 
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Solar Energy Research Institute 
HERB ERr BENNETT, Senior Scientist, Semiconductor 

Electronics Division, National Bureau of Standards 
VERNA J. BOWEN, Administrative Assistant, Manufacturing 

Studies Board, National Research Council 
CHARLES T. BRODNAX, E-Systems, Incorporated, Garland 

Division 
STEVE BRUECK, Center for High-Technology Materials, 

University of New Mexico 
ROBERr A. BURMEISTER, Director, Materials Research 

Laboratory, Hewlett-Packard Company 
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ROBERT BYRNE, Senior Engineering Manager, National 
Semiconductor Corporation 

ROLAND CANNON, Staff Scientist, Lawrence Berkeley 
Laboratory 

JOHN R. CARRUTHERS, Intel Corporation 
GREG G. CHEN, Technology Director, Microelectronics, Eaton 

Corporation 
W. DALE COMPTON, Senior Fellow, National Academy of 

Engineering 
BEB CRAFT, Physicist, X-Ray Ring Manager, National 

Synchrotron Light Source, Brookhaven National Laboratory 
JAMES M. DAUGHTON, Vice-President, Corporate Solid-State 

Laboratory, Honeywell Incorporated 
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Strategic Capabilities Segment, Intel Corporation 
B. L. DOYLE, Sandia National Laboratories 
P. J. EICKER, Sandia National Laboratories 
FUNG-SUN FEI, Hewlett-Packard Company 
JOSEPH F. FIGUEIRA, Los Alamos National Laboratory 
GERHARD A. FRANZ, General Electric Company 
J. B. G ERRARDO, Sandia National Laboratories 
C. F. GIBBON, Sandia National Laboratories 
NORMAN GOLDSMITH, Staff' Scientist, David Sarnoff 

Research Center, RCA Corporation 
BOB LEE GREGORY, Director of Microelectronics, Sandia 

National Laboratories 
RONALD GRONSKY, Senior Staff Scientist and Associate 

Professor, Lawrence Berkeley Laboratory 
D. GRUEN, Materials Sciences Division, Argonne National 

Laboratory 
ROGER HAKEN, Texas Instruments Incorporated 
BOB HAMMOND, Los Alamos National Laboratory 
T. HARTMAN, Intel Corporation 
RICHARD HEESE, Associate Chairman, National Synchrotron 

Light Source, Brookhaven National Laboratory 
DONALD R. HERRIOTT, Senior Technical Advisor, The 

Perkin-Elmer Corporation 
0. WAYNE HOLLAND, Solid-State Division, Oak Ridge 

National Laboratory 
WILLIAM C. HOLTON, Director, Microstructure Sciences, 

Semiconductor Research Corporation 
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L. C. IANNIELLO, Deputy .AMociate Director for Basic Energy 
Sciences, Office of Energy Research, U.S. Department of 
Energy 

JOSEPH JAKLEVIC, Senior Staff' Scientist, Lawrence Berkeley 
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A. WAYNE JOHNSON, Sandia National Laboratories 
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ROSS A. LEMONS, Los Alamos National Laboratory 
H. J. LEVINSTEIN, Director, VLSI Laboratory, AT&T Bell 
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National Laboratory 
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W. MARCUSE, Head, Technology Transfer, Brookhaven 

National Laboratory 
MICHAEL B. MARKS, Assistant Director for Global 

Technology, Office of Science and Technology Policy 
BYRON MARTIN, IBM Corporation 
RONALD L. MARTIN, Argonne National Laboratory 
P. L. MATTERN, Sandia National Laboratories 
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Electric Corporation 
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